Use of live ultrasound, weight and linear measurements to predict carcass composition of young beef bulls. Can. J. Anim. Sci. 85: 23-35. Pre-slaughter ultrasound and whole side dissection data from 47 crossbred bulls were used to assess (1) the relative value of six previously published equations based on live animal measurements, (2) the value of alternative pre-slaughter measurements, and (3) the value of alternative ultrasound probes as predictors of whole side lean meat yield. Analysis of absolute bias-corrected residuals indicated that all six previously published equations predicted whole side lean meat yield with similar accuracy (P = 0.62), but analysis of absolute rank residuals indicated that an equation originally based on carcass measurements tended (P = 0.17) to rank bulls less precisely than five ultrasound-based equations. Breed composition, age, liveweight, hip width, heart girth, and round muscle depths did not contribute to new lean meat yield prediction equations (P > 0.10), but height, 12th/13th rib body wall, rump fat, and gluteus medius muscle depths and marbling score did (P < 0.10). However, examination of absolute residuals and absolute rank residuals indicated that accuracy (P = 0.55) and precision (P = 0.64) did not improve significantly compared to equations based only on height, rib fat and longissimus muscle size. Similarly, analysis of absolute residuals and absolute rank residuals indicated that fat and longissimus muscle depth measurements collected with a short probe predicted whole side lean meat yield as accurately and precisely as measurements collected with a long probe. Results indicated that (1) equations based on live measurements may provide more precise predictions of lean meat yield than equations derived from carcass measurements, (2) supplementing ultrasonic rib fat and longissimus muscle measurements with additional ultrasound measurements did not improve the accuracy or precision of lean meat yield prediction, and (3) lean meat yield of yearling bulls can be accurately predicted using fat and longissimus muscle depth measurements collected with a short probe. L'analyse des restes absolus après correction du biais indique que les six équations publiées antérieurement prédisent le rendement en viande maigre avec la même exactitude (P = 0,62), mais l'analyse des restes absolus pour le rang révèle qu'une équation reposant au départ sur les mesures de la carcasse a tendance (P = 0,17) à classer les animaux moins précisément que cinq équations s'articulant sur les relevés aux ultrasons. La race, l'âge, le poids vif, la largeur aux hanches, le périmètre thoracique et l'épaisseur de la ronde n'apportent rien aux nouvelles équations de prévision du rendement en viande maigre (P > 0,10), contrairement à la hauteur, à la paroi corporelle entre la 12 e et la 13 e côte, à la couche de gras de la croupe, à l'épaisseur du gluteus medius et au persillé (P < 0,10). L'examen des restes absolus et des restes absolus pour le rang montrent néanmoins que l'exactitude (P = 0,55) et la précision (P = 0,64) ne s'améliorent pas de manière significative par rapport aux équations qui ne tiennent compte que de la hauteur, de la couche de gras des côtes et de la taille du longissimus. De même l'analyse des restes absolus et des restes absolus pour le rang révèle que la couche de gras et l'épaisseur du longissimus mesurées avec une petite sonde prédisent le rendement en viande maigre du flanc entier avec autant d'exactitude et de précision que les relevés obtenus avec une sonde plus longue. Selon les résultats, (1) les équations reposant sur des mesures en vif pourraient prédire le rendement en viande maigre avec plus de précision que les équations dérivant des mesures prises sur la carcasse; (2) les relevés aux ultrasons supplémentaires à ceux effectués sur la couche de gras des côtes et sur le longissimus n'améliorent pas la précision ni l'exactitude des prévisions; enfin, (3) on peut prédire avec exactitude le rendement en viande maigre des bouvillons d'un an à partir des relevés aux ultrasons de la couche de gras et de l'épaisseur du longissimus obtenus avec une courte sonde.
improvement programs use ultrasound data collected on young bulls, very little research has been conducted to determine the ability of ultrasound measurements to evaluate carcass composition in young bulls. This is a concern because ultrasound measurements tend to over-predict carcass fat depth on lean animals, and under-predict carcass longissimus muscle area on heavily muscled cattle (Perkins et al. 1992; Herring et al. 1994b; Charagu et al. 2000) . Since intact males raised on moderate energy diets tend to be larger, leaner and more heavily muscled than feedlot steers (Jones et al. 1984) , an equation predicting carcass composition based on steer data may give an inaccurate or biased evaluation of carcass composition of young bulls. Although the ability of steer-based equations to predict the carcass composition of bulls has not been examined, these equations are currently used in the North American beef industry to produce expected progeny differences for percent retail product in yearling bulls. In addition, the ultrasound-based equations that have been developed for young bulls (Bergen et al. 1996 (Bergen et al. , 2003 were based on wholesale rib dissection and have not been verified with whole side dissection data.
Another question involves the relative merit of alternative ultrasound scanning sites. Research has shown that carcass composition of finished feedlot cattle can be predicted using ultrasound fat depth and longissimus muscle area measurements collected at the traditional 12/13 th rib grade site (Herring et al. 1994a; Williams et al. 1997; Realini et al. 2000; Wolcott et al. 2001; Greiner et al. 2003 ), but efforts have been made to identify additional ultrasound measurements that may improve estimates of carcass composition. These include depths of the body wall, rump fat, biceps femoris and gluteus medius muscles (Williams et al. 1997; Realini et al. 2001; Greiner et al. 2003) . Longissimus muscle depth and width measurements may be as valuable as traced longissimus muscle area measurements for predicting lean meat yield of young bulls based on wholesale rib dissection (Bergen et al. 2003) . These results raise the possibility of predicting carcass composition using a 127-mm probe costing 60% less than a specialized 172-mm beef probe. Frame and muscle scores may also contribute to estimates of carcass composition (Herring et al. 1994a ). However, the relative predictive merit of these various measurements is difficult to compare, since they have not been simultaneously evaluated in the same data set. Therefore, determining which of these live measurements should be included in genetic improvement programs for carcass traits is problematic.
In spite of these shortfalls, B-mode ultrasound technology has become a major component of genetic improvement programs for carcass traits in North American beef cattle. For genetic evaluations, accuracy (agreement between predicted and true values) is less important than precision (correct ranking of animals; Herring and Kemp 2001) . However, obtaining accurate ultrasound measurements increases the probability that the animals will be ranked correctly, particularly for traits exhibiting little variation, such as ultrasonically measured carcass traits in young bulls raised on a moderate energy diet. Since a young bull's genetic evaluation for ultrasound traits is heavily influenced by the measurements obtained on that animal, and since most commercial breeding stock selection decisions are based on young bulls, concerns regarding the accuracy and precision of ultrasonic estimates of carcass composition need to be addressed specifically in young beef bulls.
The objectives of this trial were to determine: (1) whether previously published equations based on wholesale rib dissection of young bulls or whole side dissection of steers correctly evaluate carcass composition in young bulls; (2) the value of additional live measurements and scanning sites for predicting whole side carcass composition in young beef bulls; and (3) the ability of ultrasound measurements collected with a short probe to predict carcass composition in young beef bulls. skin) following the procedure of Greiner et al. (2003) . Rump fat and gluteus medius depth images were collected midway between the ilium and ischium without a stand-off block (Fig. 4) . Images of total muscle depth over the femur (Fig. 5) were obtained without a stand-off block approximately 40 cm below the site used for rump fat and gluteus medius muscle depth measurements. Bulls were then scanned a second time, and Technician 1 scanned the 12th/13th rib site using a short probe (Aloka model 5011; 127 mm, 3.5 MHz) with (Fig. 6 ) and without a standoff block (Fig. 7) ; subcutaneous fat depth and Method 1 and 2 longissimus muscle depths (Bergen et al. 2003) were measured from these images. The same stand-off block was used with both long and short probes. Two separate images were collected for each measurement on each bull. Technician 1 interpreted all ultrasound images over a 4-d period using the IA90 component of the CPEC image analysis software (Cattle Performance Enhancement Company, Oakley, KS). The average ultrasound measurement obtained from duplicate images was used for statistical analyses.
Four to six saggital scans across the 10th to 13th ribs were also collected using the long and short probes (Figs. 8 and 9, respectively), and marbling score was estimated using CPEC software. Maximum and minimum marbling scores obtained from each animal were deleted, and remaining scores were averaged.
Technician 2 also collected images of the 12th/13th rib interface using an Aloka 500V ultrasound unit, long probe and stand-off block, CX100 digitizing board (CyberOptics Semiconductor Corporation, Beaverton, OR) and CVI software (Critical Vision Incorporated, Atlanta, GA). Isonification sites are illustrated in Fig. 10 . Technicians 1 and 2 had a combined total of 13 yr of experience in collecting and interpreting beef ultrasound images and had successfully achieved the standards established by the Beef Improvement Federation, Animal Ultrasound Practitioners Association, Annual Proficiency Testing and Certification Program and Ultrasound Guidelines Council a total of nine times.
Animal weight, heart girth, hip and shoulder heights, body length, and hindquarter width were also measured on each animal at the time of pre-slaughter scanning (Fig. 11) . Animal management and experimental procedures followed guidelines established by the Canadian Council on Animal Care and were approved by the University of Guelph's Animal Care Committee. 
Carcass Measurements
Bulls were slaughtered in groups of 11 or 12 head on four occasions (May 06, , June 23-24 and July 07-08) within 4 d of ultrasonic scanning. The first group was harvested at a commercial packing plant (Better Beef Limited, Guelph, ON) using a captive bolt pistol and skinned using a hide puller. The remaining three groups were harvested at the University of Guelph meat lab using a captive bolt pistol and skinned manually. Kidney, pelvic, and heart fat was removed from the hot carcass before weighing. Carcasses were neither scribed nor shrouded, and were graded (Canadian Beef Grading Agency, Calgary, Alberta) after chilling for 24 to 48 h. Minimum subcutaneous fat depth over the longissimus muscle in the fourth quadrant distal to the spine was measured, and longissimus muscle area was traced onto acetate and measured using an electronic planimeter (MOP-3; Carl Zeiss Inc., Thornwood, NY). Visual marbling scores were expressed as 0 (devoid), 1 (traces) or 2 (slight).
A seven-bone rib section (ribs 6-12) was removed from one side of each carcass for dissection into fat, lean and bone at the University of Guelph meat lab. The remainder of the carcass side was wrapped in cellophane and transported to Agriculture and Agri-Food Canada's Lacombe Research Station for dissection into fat, lean and bone (Jones et al. 1989 ).
Statistical Analysis
Analyses described below were conducted using SAS v. 5.0 Release 8.01 (SAS Institute, Inc. Cary, NC), except for t-tests, which were calculated using an Excel spreadsheet.
Objective 1: Comparison of Equations Predicting Whole Side Carcass Composition from Live Measurements Collected in Young Bulls
Six previously published equations predicting whole side carcass composition from liveweight and ultrasound measurements were compared in this study (Table 1) . Dikeman et al. (1998) developed equation C-5 to predict whole side retail product percentage from carcass measurements collected from 305 finished steers. A modified form of this equation (subsequently referred to as C-5U) uses ultrasound data collected on live breeding stock (Tait et al. 2002) . In these modifications, carcass longissimus muscle area is replaced by ultrasound 12th/13th rib longissimus muscle area, and carcass fat depth is replaced by ultrasound 12th/13th fat depth (weighted 60%) and ultrasound rump fat depth (weighted 40%). A constant 20 g kg -1 carcass weight is assumed for kidney, pelvic and heart fat and subtracted from the intercept. Carcass weight is predicted using an equation The C-5U equation has been used in the calculation of a retail product EPD in seedstock beef cattle (Tait et al. 2002) . Equation PRPRD2 (Greiner et al. 2003 ) predicts whole side retail product percentage based on pre-slaughter liveweight and ultrasound 12th/13th rib fat depth, longissimus muscle area and rump fat depth measurements collected from 282 finished steers. Both the C-5U and PRPRD2 equations predict carcass composition based on carcass subprimals completely dissected to fat, lean and bone, with lean trim mathematically adjusted to contain 10% fat. Equations USLEAN, Eqn4, Eqn5 and Eqn6 predict whole side lean meat yield based on pre-slaughter ultrasound 12th/13th rib fat and longissimus muscle measurements and subsequent wholesale rib dissection of 82 young bulls (Bergen et al. 2003) . Equations C-5U, PRPRD2, Eqn4, Eqn5, Eqn6 and USLEAN are shown in Table 1 ; the reader is referred to Bergen et al. (2003) , Dikeman et al. (1998) , Greiner et al. (2003) and Tait et al. (2002) for additional details.
Average bias (actual dissected whole side lean meat yield -predicted whole side lean meat yield) and the standard error of prediction (Herring et al. 1994b) were calculated for each equation. True (dissected) lean meat yield was regressed on the values predicted by the C-5U, PRPRD2, USLEAN, Eqn4, Eqn5 and Eqn6 equations using simple linear regression, and the coefficient of determination and residual standard deviation were calculated for each equation. Subsequently, t-tests were used to test whether each regression coefficient differed from 0 or the expected value of 1 (Steel and Torrie 1980) . To test for differences in accuracy among equations, absolute values of the bias-corrected residual (i.e., actual dissected whole side lean meat yieldpredicted whole side lean meat yield -average bias) were calculated for each equation and each animal. After square root transformation, these absolute bias-corrected residuals were subjected to analysis of variance to determine whether the degree of prediction error differed among the six equations. To test for differences in precision, bulls were also ranked from highest to lowest for actual and predicted whole side lean meat yield, and a rank residual (i.e., animal's "true" rank based on carcass dissection dataanimal's "predicted" rank based on live ultrasound prediction) was calculated for each equation and each animal. Square root transformed absolute rank residuals were subjected to analysis of variance to determine whether the degree of ranking error differed among the six equations. Analysis of variance models included the fixed effect of prediction equation and the random effect of animal. Finally, actual values of the bias-corrected residual were regressed on the independent variables of each equation to determine whether regression coefficients were associated with prediction errors. Spearman rank correlations were also calculated among the values predicted by each equation.
Objectives 2 and 3: Comparison of Ultrasound Images Collected with Short and Long Probes and Other Live Measurements and Scanning Sites for Predicting Carcass Composition of Bulls
Eight new equations predicting whole side carcass lean meat yield from the live measurements collected in the present study were developed using forward stepwise regression. The first equation (Long12) used breed composition (percent British breeding), liveweight, slaughter age, hip height and ultrasound 12th/13th rib fat and longissimus muscle area measurements collected with the long probe ( Fig. 1 ) to predict whole side carcass lean meat yield. These measurements are typically collected in many beef cattle breeding programs. Equation Long12Alt predicted whole side carcass lean meat yield using the same variables as Long12, but also included 12th/13th rib body wall depth (Fig. 3) , rump fat and gluteus medius depths (Fig. 4) , total muscle depth over the femur (Fig. 5) , and shoulder height, heart girth, body length and hindquarter width (Fig. 11) . The Long12AltMarb equation predicted whole side carcass lean meat yield using the same measurements as Long12Alt, with the addition of ultrasound CPEC marbling estimates collected with the long probe (Fig. 8) . The Long11, Long11Alt and Long11Alt- Marb equations were identical to Long12, Long12Alt and Long12AltMarb equations, except that 12th/13th rib ultrasound fat depth and longissimus muscle area were replaced by 11th/12th rib ultrasound fat depth and longissimus muscle area (Fig. 2) . The Short12 and Short12Marb equations were based on 12th/13th rib fat and Method 1 and 2 longissimus muscle depth measurements (Fig. 7) ; Short12Marb was supplemented with CPEC marbling estimates collected with the short probe (Fig. 9) .
Coefficients of determination and residual standard deviations were compared among these equations. Absolute residuals (observed -predicted lean meat yield) and absolute rank residuals (observed -predicted lean meat yield rank) were also calculated for each equation and each animal and analyzed as described above.
RESULTS AND DISCUSSION
Means for pre-slaughter, carcass and dissection data are shown in Table 2 .
Objective 1: Comparison of Equations Predicting Whole Side Carcass Composition from Live Measurements Collected in Young Bulls
Many prediction equations predicting carcass composition based on pre-slaughter ultrasound measurements have used dissection endpoints that allow up to 12.7 mm of fat to remain on the dissected product (Herring et al. 1994a; Williams et al. 1997; Realini et al. 2001; Wolcott et al. 2001) . These endpoints were of questionable value in the present study since the majority of the bull carcasses had less fat than this before dissection started (Table 2) . Consequently, the equations compared in the present study were based on carcass primals completely dissected to fat, lean and bone (Dikeman et al. 1998; Bergen et al. 2003; Greiner et al. 2003) .
Validation statistics for the C-5U, PRPRD2, USLean, Eqn4, Eqn5 and Eqn6 equations are shown in Table 3 . Average bias values were numerically higher for the C-5U and PRPRD2 equations than for USLEAN, Eqn4, Eqn5 and Eqn6 (Table 3) , reflecting the fact that dissected lean trim was mathematically adjusted to 10% fat when the C-5 and PRPRD2 equations were developed (Dikeman et al. 1998; Greiner et al. 2003) , but not in the wholesale rib dissection data used by Bergen et al. (2003) . Assuming that lean trim represents a relatively constant proportion of total lean weight, adjusting lean trim to a constant fat content will affect the carcass lean content of all animals to the same degree. Adjustments in fat content of the lean trim will be reflected in changes in the intercepts of the equation but should not influence regression coefficients. Consequently, bias-corrected residuals were used in subsequent analyses in order to allow these equations to be compared more fairly. Standard errors of prediction ranged from 23.1 to 26.0 g kg -1 (Table 3) , and compared favorably to values reported in the original studies (Table 1) .
Squared correlations between predicted and actual whole side carcass lean content ranged from 0.19 to 0.36 (Table 3) . Higher correlations between predicted and actual carcass composition were reported in the original verification data sets (r 2 = 0.53 to 0.74; Table 1 ). The lower correlations observed in the present study likely reflect the more uniform carcass composition in the present study (CV = 4.5%) than in Bergen et al. 2003 (CV = 6.7%), Dikeman et al. (1998) (CV = 6.7%) and Greiner et al. (2003) (CV = 6.2%). Accuracy and precision statistics from the regression analyses were similar among the five ultrasound-based equations (Table 3 ), but the numerically higher residual standard deviation and lower squared correlation between actual and predicted values suggested that the C-5U equation may be somewhat less accurate and precise.
However, absolute bias-corrected residuals did not differ (P = 0.62) among any of the equations (Table 3 ), indicating that all six equations predicted whole side lean meat yield with similar accuracy in the present study. Analysis of absolute rank residuals indicated that equation C-5U tended to have a greater degree of mis-ranking relative to actual dissected carcass lean content, although differences among equations were not significant [(P = 0.17); Table 3 ]. Dikeman et al. (1998) and modified by Tait et al. (2002) to use ultrasound fat depth, traced longissimus muscle area (cm 2 ), rump fat depth, and predicted carcass weight (described in text). y Equation reported by Greiner et al. (2003) using ultrasound fat depth, traced longissimus muscle area (cm 2 ), rump fat depth and liveweight. x Equation reported by Bergen et al. (2003) using ultrasound fat depth and either traced longissimus muscle area (cm 2; USLEAN), Method 1 longissimus muscle depth × width (cm 2 ; Eqn4) Method 2 longissimus muscle depth × width (cm 2 ; Eqn5), or Method 1 and 2 longissimus muscle depths (cm). w Method 1 longissimus muscle depth (cm). v Method 2 longissimus muscle depth (cm).
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Differences in accuracy and precision may have been more apparent in a larger data set.
No association was found between bias-corrected residuals and the independent variables of each equation for PRPRD2, Eqn4, Eqn5, Eqn6 or USLEAN (P > 0.10). However, 12th/13th rib ultrasound fat depth was associated with prediction error for C-5U (P < 0.05, b = -4.46, r 2 = 0.12). Prediction error increased as fat depth decreased, suggesting that equation C-5U was less accurate for leaner animals. This may reflect the fact that the original C-5 equation was based on finished steers that were slaughtered at higher levels of carcass backfat (11.8 ± 5.8 mm) than the bulls in the present study (5.5 ± 2.2 mm). Replacing rump fat depth with 12th/13th rib ultrasound fat depth in equation C-5U reduced (but did not eliminate) this effect (P < 0.05, b = -4.02, r 2 = 0.10). These results suggest that the relationship between ultrasound fat depth and whole side lean meat yield is somewhat different from the relationship between carcass fat depth and whole side lean meat yield. This is not surprising, given the common finding that the relationship between live ultrasound and carcass fat depth is not perfect (Perkins et al. 1992; Herring et al. 1994b; Charagu et al. 2000) .
Spearman correlations with USLEAN were 0.74 (C-5U), 0.90 (PRPRD2), 0.97 (Eqn4), 0.95 (Eqn5) and 0.94 (Eqn6). Bergen et al. (2003) reported that values predicted by Eqn4, Eqn5 and Eqn6 were highly correlated (r ≥ 0.98) with USLEAN in an independent data set. The numerical difference among Spearman correlations in the present study suggests that the equation chosen will likely influence the relative ranking of potential seedstock bulls for estimated lean meat yield, as suggested by the trend observed for absolute rank residuals shown in Table 3 . In particular, it appears that equation C-5U may rank animals differently Ultrasound measurement collected with a 172-mm transducer. y < 3.0 = devoid, 3.0 to 3.9 = traces, 4.0 to 4.9 = slight. x Ultrasound measurement collected with a 127-mm transducer without a stand-off block. w Ultrasound measurement collected with a 127-mm transducer and stand-off block. v 0 = devoid, 1 = traces, 2 = slight. u Carcass lean content estimated from composition of the wholesale rib. t Carcass lean content determined from whole side dissection.
than equations originally developed from ultrasound data. However, the relatively high degree of mis-ranking observed for all equations (Table 3 ) also raises the possibility that none of these equations may be sufficiently precise to use in genetic evaluations. Analysis of the genetic relationship between ultrasound measurements collected on yearling bulls with carcass composition of commercial progeny is required to determine which, if any, is the most appropriate equation to use in genetic evaluations for beef carcass composition.
The data set used in the present study was relatively small. However, the findings of this study are important for several reasons. First, the uniformly lean carcass composition of the bulls used in this study is likely representative of yearling bulls from Continental breeds commonly used as terminal sires in beef cattle production. Second, seedstock herds in Canada typically have fewer than 50 cows enrolled in a performance-recording program. A herd with fewer than 50 cows would likely scan no more than 25 bulls annually; thus, this data set is larger than many Canadian seedstock herds. Although the ultrasound-based equations used in the present study ranked bulls similarly well, correlations with dissected lean meat yield were moderate at best (r 2 = 0.19 to 0.36). This suggests that many of the bulls within a contemporary group may be ranked incorrectly. Since inaccurate prediction of carcass composition will slow the rate of genetic progress in seedstock selection programs, efforts to identify additional live animal measurements and scanning sites that improve the accuracy and precision of ultrasound-based lean meat yield prediction equations are warranted.
Objective 2: Value of Alternative Measurements and Ultrasound Scanning Sites for Predicting Whole Side Carcass Composition in Bulls
The new ultrasound-based equations developed in the present study are shown in Table 4 . Breed composition did not influence any of these equations, suggesting that the relationship between ultrasound measurements and carcass lean meat yield is similar across breed types (Bergen et al. 1996 (Bergen et al. , 2003 . Age and liveweight did not enter any of the ultrasound-based equations (P > 0.10). Some studies have found that liveweight makes a small but significant contribution to predictions of carcass lean content (Herring et al. 1994a; Realini et al. 2001; Greiner et al. 2003 ) but others have not (Bergen et al. 1996; Williams et al. 1997 ). In agreement with Herring et al. (1994a) , hip height explained 5 to 6% of the variation in lean meat yield in the present study (Table  4 ). The addition of this quick and economical measurement may improve the accuracy of whole side carcass composition estimates collected in live breeding stock.
Most beef cattle ultrasound research in North America has focused on measurements collected at the 12th/13th rib interface, presumably because this corresponds to the carcass 12th/13th rib grade site used throughout North America. Little research has been done to investigate the potential value of ultrasound measurements collected at alternative rib sites. Until 1984 the Canadian beef grading system based carcass yield grades on 11th/12th rib measurements; this was changed to the 12th/13th rib site to correspond to international standards (Jones et al. 1986 ). The site of ultrasonic fat depth measurements in beef bull testing programs was also changed from the 11th/12th to 12th/13th ribs in the late 1980s (deRose and Wilton 1988; deRose 1990) . In the present study, replacing ultrasound fat depth and longissimus muscle area measurements collected at the 12th/13th rib site with 11th/12th rib measurements produced numeric improvements in lean meat yield prediction accuracy and precision (RSD = 23.2 and 22.1 g kg -1 and R 2 = 0.41 and 0.46 for Long12 and Long11, respectively; Table 4 ). Similar results have been observed in previous studies based on post-slaughter carcass measurements. Carcass fat depth and muscle measurements collected at the 11th/12th rib interface produced numerically more accurate predictions of whole side carcass lean meat yield than the corresponding measurements taken at the 12th/13th rib interface [RSD = 21.8 vs. 22.1 g kg -1 and 32.8 vs. 33.0 g kg -1 in Jones et al. (1986) and (1989), respectively].
Heart girth, body length and hindquarter width did not contribute to predictions of whole side carcass composition Table 1 . y Regression of actual on predicted whole side lean meat yield.
x Average absolute bias-corrected residuals did not differ among equations (P = 0.62). w Absolute rank residual = | rank based on carcass dissection -rank based on live ultrasound prediction |; average absolute rank residuals did not differ among equations (P = 0.17).
in the present study (P > 0.10), although visual muscle scores have contributed to predictions of boneless retail yield at a 6.4-mm trim endpoint (May et al. 2000) . Ultrasonic measurements of total muscle depth over the femur did not improve estimates of whole side carcass composition (P > 0.10). Williams et al. (1997) found the same result with biceps femoris depth measurements. This result is not disappointing, given the higher risk of equipment damage and operator injury when collecting this image.
The remaining measurements collected in the present study made inconsistent contributions to lean meat yield prediction equations (Table 4) . Shoulder height displaced hip height in the Long12Alt equation. The reason for this is unclear and is likely of little practical significance other than to reinforce the potential value of including an estimate of frame size in live animal lean meat yield prediction equations. Similarly, gluteus medius muscle depth replaced longissimus muscle size measurements in the same equation. Alternative measurements did not greatly improve the numerical accuracy and precision of Long12Alt (RSD = 22.6 g kg -1 , R 2 = 0.44) compared to Long12 (RSD = 23.2 g kg -1 , R 2 = 0.41).
Ultimately, the alternative measurements examined in the present study contributed only minor numeric improvements in precision and accuracy (Table 4) . Notably, none of the alternative measurements contributed to equations based on 11th/12th rib fat depth and longissimus muscle area measurements (Table 4 ). In spite of this, Long11 was still numerically superior to the Long12Alt equation.
Carcass marbling score is a valuable predictor of whole side carcass composition (Shackleford et al. 1995; Greiner et al. 2003) . Hassen et al. (2001) suggested this might also apply to ultrasonic estimates of carcass composition. Corroborating evidence appeared in the present study. Ultrasound marbling scores collected with the long probe and interpreted with CPEC software completely replaced y Absolute rank residuals did not differ among equations (P = 0.64). x Long12: equation using hip height, 12th/13th rib ultrasound fat depth and traced longissimus muscle area measurements collected with a long (172-mm) probe. w Long11: equation using hip height, 11th/12th ultrasound fat depth and traced longissimus muscle area measurements collected with a long (172-mm) probe. v Long12Alt: equation Long12 supplemented with alternative live linear and ultrasound measurements collected with a long (172-mm) probe. u Long11Alt: equation Long11 supplemented with alternative live linear and ultrasound measurements collected with a long (172-mm) probe. t Long12AltMarb: equation Long12Alt supplemented with ultrasound marbling estimates collected with a long (172-mm) probe (< 3.0 = devoid, 3.0 to 3.9 = traces, 4.0 to 4.9 = slight). s Long11AltMarb: equation Long11Alt supplemented with ultrasound marbling estimates collected with a long (172-mm probe ) (< 3.0 = devoid, 3.0 to 3.9 = traces, 4.0 to 4.9 = slight). r Short12: equation using hip height, 12th/13th ultrasound fat and Method 2 longissimus muscle depth measurements collected with a short (127-mm) probe. q Short12Marb: equation Short12 supplemented with ultrasound marbling estimates collected with a short (127-mm) probe (< 3.0 = devoid, 3.0 to 3.9 = traces, 4.0 to 4.9 = slight).
ultrasonic rib fat depth measurements as the strongest predictor of whole side lean meat yield in the Long12AltMarb and Long11AltMarb equations (Table 4 ). In agreement with Greiner et al. (2003) , ultrasonic 12th/13th rib body wall depth made a small contribution, and rump fat depth explained an additional 8% of variation on whole side lean meat yield in the Long12AltMarb equation. Although ultrasonic marbling scores improved the numerical accuracy and precision of lean meat yield prediction equations in the present study, using these equations would generate a negative correlation between ultrasonically evaluated carcass composition and meat quality traits. This would obviously complicate attempts to divergently select for carcass yield and quality traits in the same seedstock herd.
Although the various combinations of alternative ultrasound measurements produced numeric improvements in accuracy and precision, analysis of absolute residuals and absolute rank residuals indicated that these differences were not significant (P = 0.55 and P = 0.64, respectively), suggesting that supplementing rib fat depth and l. dorsi measurements with measurements collected at other anatomical locations may not improve the accuracy or precision of lean meat yield prediction in young beef bulls. Similar results may have been found in other studies if absolute residuals had been objectively compared among alternative equations.
Objective 3: Comparison of 12th/13th Rib Ultrasound Measurements Collected with Short and Long Probes for Predicting Whole Side Carcass Composition in Young Bulls
The observation that Eqn6 predicted estimated whole side carcass composition nearly as accurately and precisely as USLEAN led Bergen et al. (2003) to speculate that longissimus muscle depths from images collected with a short probe may be able to replace longissimus muscle area from images collected with the more expensive long probe. Surprisingly, measurements collected using the short probe produced numerically more accurate and precise estimates of whole side lean meat yield (Short12; RSD = 21.1 g kg -1 and R 2 = 0.51) than measurements collected using the long probe (RSD = 23.2 and 22.1 g kg -1 and R 2 = 0.41 and 0.46 for Long12 and Long11, respectively; Table 4 ).
Dissected whole side carcass lean content appeared to be more strongly correlated with fat depth measurements collected with the short probe ( Fig. 7 ; r = -0.56, P < 0.01) than with fat depth measurements collected using the long probe ( Fig. 1 ; r = -0.49, P < 0.01). Although the precise cause of the apparent superiority of fat measurements collected with the short probe is unclear, several factors can be excluded. The stand-off block was not an influence, since fat depths collected with the short probe and stand-off block were also strongly associated with whole side lean meat yield ( Fig. 6 ; r = -0.55, P < 0.01). Equipment factors can be largely excluded, since all images collected by technician 1 used the same ultrasound console, computer and digitizing board. Another possibility involves the gain settings used to collect the images illustrated in Figs. 1, 6 and 7. The CPEC marbling software manual suggests that images collected with the long probe use near and far gain settings of -07 and +4.6, respectively. In contrast, images collected with the short probe used near and far gain settings of -23 and +4.6, respectively. As a consequence, fat layers in the image collected with the long probe (Fig. 1) were less clear than those collected with the short probe (Figs. 6 and 7) . To test whether the apparent superiority of fat depth measurements collected using the short probe was due to gain settings, 12/13 th rib images collected by technician 2 (using near and fat gain settings of -25 and +2.1, respectively) were analyzed by technician 1. The correlation of fat depth measurements obtained from these images with dissected whole side carcass lean content did not improve (r = -0.45, P < 0.01) compared to the long images collected using CPEC software (r = -0.49). This suggests that differences in near gain settings were not responsible for the apparent superiority of the short probe. Perhaps the most likely explanation for this finding is that the image from the short probe is magnified to a greater extent than the image from the long probe. This may have allowed tissue interfaces to be assessed more accurately, and suggests that image magnification may improve the accuracy and precision of ultrasonic evaluations.
Using the short probe to collect images shown in Figs. 2, 3, 4 and 5 may have produced more favorable results for 11th/12th rib fat, body wall, rump fat, gluteus medius and round muscle depth measurements. However, these images were not collected with the short probe because differences in the predictive merit of the depth measurements collected by the two probes were not anticipated. However, results of the present and previous studies suggest that these measurements make, at best, a minor contribution to the prediction of whole side carcass composition (Williams et al. 1997; Realini et al. 2001; Greiner et al. 2003) . In contrast to results observed for the long probe, including ultrasonic marbling scores in the Short12Marb equation augmented fat depth measurements rather than displacing them, likely due to the superiority of fat depth measurements collected with the short probe. Bergen et al. (2003) , using the long transducer, observed that Method 1 longissimus muscle depth was a stronger predictor of lean meat yield than Method 2 longissimus muscle depth. In contrast, the Short12 equation used Method 2 rather than Method 1 longissimus muscle depth. The Method 1 longissimus muscle depth measurement is taken in the center of the longissimus muscle (Bergen et al. 2003) . Locating this landmark may be difficult in images collected with the short probe, since the image does not contain the entire cross section of the longissimus muscle. In contrast, the "acorn" and maximum depth landmarks used to locate the Method 2 longissimus muscle depth (Bergen et al. 2003) are equally visible with either probe.
Absolute residuals and absolute rank residuals did not differ among any of the equations shown in Table 4 , confirming that simply measuring longissimus muscle depth (Short12) estimated whole side lean meat yield as accurately and precisely as measuring the cross-sectional area of the longissimus muscle (Long12). Can. J. Anim. Sci. Downloaded from www.nrcresearchpress.com by 52.11.211.149 on 01/18/20
Several commercially available software packages use automated fat and muscle depth measurements obtained from ultrasound images. The CPEC feedlot application uses automated fat and longissimus muscle depth measurements obtained from a saggital image collected with the short probe (Fig. 9) to predict probable yield grade. The AUSKey program (Animal Ultrasound Services, Ithaca, NY) uses longissimus muscle depth and width measurements obtained from transverse images collected with the short probe (similar to Fig. 7) to predict longissimus muscle area. Images collected using the short probe may therefore lend themselves to automation and improve the ease and speed of ultrasound image interpretation.
CONCLUSIONS
Previously published equations developed from pre-slaughter ultrasound measurements collected on finished steers (Greiner et al. 2003 ) and young bulls (Bergen et al. 2003) predicted the carcass composition of young bulls with moderate and similar accuracy and precision, and produced results that were highly correlated with each other. An equation based on carcass measurements of finished steers (Dikeman et al. 1998 ) and modified to incorporate live measurements (Tait et al. 2002) tended to rank animals less precisely (P = 0.17).
Addition of alternative linear body and ultrasound measurements did not improve the accuracy and precision of ultrasound-based lean meat yield equations compared to standard hip height and 12th/13th rib ultrasound measurements. Ultrasound 12th/13th rib fat and longissimus muscle depth measurements obtained using a short probe predicted lean meat yield as accurately and precisely than 12th/13th rib measurements collected using a long probe. This would clearly improve the speed of image collection and interpretation. This approach may also augment presently available software utilizing automatic depth measurements. Finally, ultrasound equipment investment costs should be reduced. This approach could reduce the cost of collecting estimates of carcass composition in live seedstock without sacrificing accuracy or precision.
Further investigation is warranted to assess the heritability of lean meat yield estimates obtained using alternative equations, and genetic correlations with the lean meat yield of commercial progeny. If bulls are ranked similarly regardless of the lean meat yield prediction equation used, then the merit of using the long probe and tracing longissimus muscle area may be of questionable value.
